The flower of Strelitzia reginae generates abundant and viscous mucilage as exudate, which is purified in periods of heating-cooling, and finally precipitated with ethanol, obtaining strelitzia gum (StrG). By means of intrinsic viscosity measurement, the viscometric molecular weight (MW v ) is determined, with a value of 200,000 g/mol, as well as a hydrodynamic radius of 20 ± 1 nm and a hydration value of 445 ± 34 g/g. The size of StrG was compared against dynamic light scattering data with a value of 16 ± 2 nm and a MW DLS of 230,000 g/mol. StrG is a biopolyelectrolyte with an "a" value of 0.85, which corresponds to a flexible behavior with a great effect of volume exclusion. This statement is based on the difficulty of gum dissolution, that should be performed at 80 • C. This macromolecule is very promising and can potentially be used in several industrial applications, such as in film forming, and as a gel, thickener, and coemulsifier.
In this work, we will study the mucilage obtained from the flower of Strelitzia reginae, which we purified to obtain strelitzia gum (StrG). On StrG, we will perform physicochemical studies in an aqueous solution using viscosity, density, and dynamic light scattering measurements. Also, we will obtain Mark-Houwink parameters from intrinsic viscosity measurements, from which we will determine the molecular weight and the hydrodynamic parameters of StrG.
Intrinsic Viscosity and Hydrodynamic Parameters
The viscosity of a capillary viscometer can be calculated from the following equation:
where η is viscosity (poise), A is viscometer constant, ρ is viscosity (g/cm 3 ), and t is drainage time (s). It should also be remembered that
where the subindex "s" indicates "solution" and "0" indicates "solvent" in viscosity and density. The IUPAC term of "specific viscosity", can be calculated as follows:
When dilute concentrations are used, it is better to start with the first term of the Huggins equation "η sp /c".
In Huggins' method [11] , intrinsic viscosity, [η] , is defined as the ratio of the increase in relative viscosity (η sp ) to concentration (c, in g/cm 3 ), when it tends to zero.
Martin's method [12] is used:
Tanglertpaibul and Rao [13] [14] [15] used the following equations to obtain the intrinsic viscosity:
1 − 1
The intrinsic viscosity is obtained from the slope. Mark [16] and Houwink [17] , M-H, independently correlated the intrinsic viscosity with molecular weight, and this equation is applicable to many polymers and biopolymers, and is used to determine molecular weight. The k and a parameters both vary with the nature of the polymer, temperature, and solvents [18] . The calculation of M-H parameters [18, 19] is carried out by the plot representation of the following equation:
The exponent a is a function of polymer geometry, and varies from 0.5 to 2.0. These constants can be determined experimentally by measuring the intrinsic viscosity of several polymer samples for which the molecular weight has been determined by an independent method (e.g., osmotic pressure or light scattering) [20] .
The M-H exponent bears the signature of a polymer chain's three-dimensional configuration in the solvent environment: a values from 0 reflect a rigid sphere in an ideal solvent; those from 0.5-0.8 a random coil in a good solvent; and from 0.8-2.0 a rigid or rod like configuration (stiff chain) [20, 21] . The hydrodynamic radius (R H ) is given by the Einstein relation [22] ,
The term f /f 0 is sometimes denoted as P is called the Perrin number, where f is the friction coefficient expression.
A similar combination involves intrinsic viscosity and specific volume:
ν (a/b) is called the Einstein viscosity increment, and V s is specific volume (cm 3 /g) [23] .
The corresponding value of "hydration" of the molecule, δ, is defined by,
And,
where v is the partial specific volume, and ρ 0 is the density of the solvent (distilled water). These mathematical approximations are used to calculate hydrodynamic properties, and calculations should be treated with great caution [24, 25] .
Materials and Methods

Strelitzia Gum
Mucilage was collected with a syringe from the flowers of Strelitzia reginae in the city of Lincoln, Buenos Aires, Argentina in January 2018 (see Figure 1 ). To dissolve this exudate, heating-cooling periods were conducted by agitation in periods of 2 h per day for 8 h at 80 and 20 • C, respectively. Once dissolved, the mucilage was filtered and precipitated with ethanol several times, thus obtaining StrG. Finally, the obtained product was dried at 60 • C for 24 h, and then redissolved in distilled water at a concentration of 0.5364 wt %. Acid hydrolysis was conducted to obtain different molecular weights. The following concentrations of 0.05, 0.01, 0.025, and 0.05 M HCl were used at 70 °C for 1 h. Each sample is then cooled and macerated for 12 h. Then, the sample is precipitated with ethanol in a ratio with the hydrolyzed solution of 70: 30 (v:v) . This procedure is repeated with ethanol until satisfactory purification of each of the obtained gums is achieved.
Viscosity and Density
Measurements were taken from fresh strelitzia gum in aqueous solutions of 0.01 and 0.2 wt %. with 0.1 M KCl. Solutions and dissolutions were prepared with deionized water. The different temperatures were maintained using a thermostatic bath (HAAKE C). Determinations were done using an Ubbelohde "suspended level" viscometer (IVA 1), with a water draining time of 34.91 s. The density of each solution was measured using an Anton Paar DMA35N densimeter (Graz, Austria).
Dynamic Light Scattering
A 0.1 wt % solution of StrG with 0.1 M KCl was prepared and then centrifuged at 10,000 rpm for 5 min to remove the larger aggregates. The solution was then placed in the cell of the equipment (Delsa Nano C, Beckman Coulter, Brea, CA, USA) and a monochromatic light beam of a laser diode with a wavelength of 658 nm and a dispersion angle of 165° was made [26] [27] [28] .
The diffusion coefficient is calculated according to particle size, as per the following equation:
where D is diffusion coefficient (cm 2 
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Figure 1. Strelitzia reginae flower and mucilage.
Acid hydrolysis was conducted to obtain different molecular weights. The following concentrations of 0.05, 0.01, 0.025, and 0.05 M HCl were used at 70 • C for 1 h. Each sample is then cooled and macerated for 12 h. Then, the sample is precipitated with ethanol in a ratio with the hydrolyzed solution of 70: 30 (v:v) . This procedure is repeated with ethanol until satisfactory purification of each of the obtained gums is achieved.
Viscosity and Density
Dynamic Light Scattering
A 0.1 wt % solution of StrG with 0.1 M KCl was prepared and then centrifuged at 10,000 rpm for 5 min to remove the larger aggregates. The solution was then placed in the cell of the equipment (Delsa Nano C, Beckman Coulter, Brea, CA, USA) and a monochromatic light beam of a laser diode with a wavelength of 658 nm and a dispersion angle of 165 • was made [26] [27] [28] .
where D is diffusion coefficient (cm 2 /s), k B is Boltzmann constant, T temperature at 298 K, η is solution viscosity in poise, and R HDLS is hydrodynamic radius for DLS technique. 
where K D is a constant and ε is an exponent of MHKS that define the shape of the macromolecule.
Results & Discussion
v was calculated from the studies of density vs. concentration (Figure 2 ) to provide a value that is consistent with other macromolecules. From the viscosity-density data as a function of the concentration, the intrinsic viscosity is determined by the Huggins method (see Figure 3 ), considered to be the standard against which the other methods are compared. It should be noted that the Huggins method is the one with a smaller R 2 . The Huggins equation is used as a standard for intrinsic viscosity calculus. It is of note that the k H measured in this work has a positive slope, since many other polysaccharides present the opposite value, especially if the ionic strength of the polyelectrolyte solution is inadequate or without the addition of salts. To substantiate this situation, it can be stated that the aqueous solvent is ideal for this macromolecule, and may indicate a special feature of this biopolyelectrolyte. where KD is a constant and ε is an exponent of MHKS that define the shape of the macromolecule.
̅ was calculated from the studies of density vs. concentration (Figure 2 ) to provide a value that is consistent with other macromolecules. From the viscosity-density data as a function of the concentration, the intrinsic viscosity is determined by the Huggins method (see Figure 3 ), considered to be the standard against which the other methods are compared. It should be noted that the Huggins method is the one with a smaller R 2 . The Huggins equation is used as a standard for intrinsic viscosity calculus. It is of note that the kH measured in this work has a positive slope, since many other polysaccharides present the opposite value, especially if the ionic strength of the polyelectrolyte solution is inadequate or without the addition of salts. To substantiate this situation, it can be stated that the aqueous solvent is ideal for this macromolecule, and may indicate a special feature of this biopolyelectrolyte. Regarding the comparative study of the data obtained from each of the methods used, the one that best fits is the Martin method (Figure 4) , a little more closely than the Tanglertpeibul & Rao-a, T-R-a (Figure 5a) . In some cases, the Kraemer method is more accurate. As in this case, an average of both (Huggins and Kraemer) can be calculated, which approximates the standard value, but is still far from a percentage error that is more consistent and less than 5% (see Table 1 ). It should be noted that the largest error in the intrinsic viscosity measurement is obtained by the T-R-a, b, and c methods (Figure 5a-c) . While all methods are suitable for determining intrinsic viscosity, it should be noted that the most comparable is Martin's and Kraemer's with respect to Huggins. Regarding the comparative study of the data obtained from each of the methods used, the one that best fits is the Martin method (Figure 4) , a little more closely than the Tanglertpeibul & Rao-a, T-R-a (Figure 5a) . In some cases, the Kraemer method is more accurate. As in this case, an average of both (Huggins and Kraemer) can be calculated, which approximates the standard value, but is still far from a percentage error that is more consistent and less than 5% (see Table 1 ). It should be noted that the largest error in the intrinsic viscosity measurement is obtained by the T-R-a, b, and c methods (Figure 5a-c) . While all methods are suitable for determining intrinsic viscosity, it should be noted that the most comparable is Martin's and Kraemer's with respect to Huggins. The hydrodynamic properties of StrG can be seen in Table 2 , and are determined at 21 • C. The value of P is 1.63 and ν (a/b) with 11.47, with a R Hv of 20 ± 1 nm, and R HDLS is 16 ± 2 nm; see Figure 6 . The value of δ is very high, as expected; a similar phenomenon is observed in gel formation or sponge hydration. The hydrodynamic properties of StrG can be seen in Table 2 , and are determined at 21 °C. The value of P is 1.63 and ν(a/b) with 11.47, with a RHv of 20 ± 1 nm, and RHDLS is 16 ± 2 nm; see Figure 6 . The value of δ is very high, as expected; a similar phenomenon is observed in gel formation or sponge hydration. In order to corroborate the data obtained from the viscosimetry, DLS measurements of StrG and its hydrolysates were conducted (see Figure 6 ). The a and ε parameters, obtained from different hydrolysis of the original gum at 70 °C was satisfactorily performed, and from these data, Figures 7 and 8 were made. In order to corroborate the data obtained from the viscosimetry, DLS measurements of StrG and its hydrolysates were conducted (see Figure 6) .
The a and ε parameters, obtained from different hydrolysis of the original gum at 70 • C was satisfactorily performed, and from these data, Figures 7 and 8 were made.
The Mark-Houwink parameters vary with the dissolvent, ionic strength, and temperature. This is because the hydrodynamic radius of the macromolecules changes with the type of solution and with temperature, through changes in chain flexibility. The viscometric molecular weight determined for this work is 200,000 g/mol, and by MW DLS is 230,000 g/mol, with an intrinsic viscosity by Huggins method of 38 ± 0.3 cm 3 /g, and M-H parameters with values of "a" 0.85 and "k" 0.00124 cm 3 /g (see Figure 7 and Table 3 ). In order to corroborate the viscometric values, DLS measurements were carried out to measure the MW DLS of this StrG, which for MHKS meters is for K D of 0.001323 and ε of 0.75 (see Figure 8 and Table 3 ). The MW DLS differs substantially with the MW V, though it is worth keeping in mind that any measurement by viscosimetry is apparent or doubtful. These types of differences in the determination of MW can be seen and justified in reference [32] . The Mark-Houwink parameters vary with the dissolvent, ionic strength, and temperature. This is because the hydrodynamic radius of the macromolecules changes with the type of solution and with temperature, through changes in chain flexibility. The viscometric molecular weight determined for this work is 200,000 g/mol, and by MWDLS is 230,000 g/mol, with an intrinsic viscosity by Huggins method of 38 ± 0.3 cm 3 /g, and M-H parameters with values of "a" 0.85 and "k" 0.00124 cm 3 /g (see Figure 7 and Table 3 ). In order to corroborate the viscometric values, DLS measurements were carried out to measure the MWDLS of this StrG, which for MHKS meters is for KD of 0.001323 and ε of 0.75 (see Figure 8 and Table 3 ). The MWDLS differs substantially with the MWV, though it is worth keeping in mind that any measurement by viscosimetry is apparent or doubtful. These types of differences in the determination of MW can be seen and justified in reference [32] .
The structure of monosaccharides and the way in which they are linked together [10] may vary, and since there are no reference physicochemical parameters or similar structural values, it is impossible to compare them with bibliographic data. What is very clear is that to a molecule which is a semirigid biopolyelectrolyte; clarifying this is only valid for the treatment carried out in the extraction and purification performed in this work. The Mark-Houwink value of "a" confirms that The Mark-Houwink parameters vary with the dissolvent, ionic strength, and temperature. This is because the hydrodynamic radius of the macromolecules changes with the type of solution and with temperature, through changes in chain flexibility. The viscometric molecular weight determined for this work is 200,000 g/mol, and by MWDLS is 230,000 g/mol, with an intrinsic viscosity by Huggins method of 38 ± 0.3 cm 3 /g, and M-H parameters with values of "a" 0.85 and "k" 0.00124 cm 3 /g (see Figure 7 and Table 3 ). In order to corroborate the viscometric values, DLS measurements were carried out to measure the MWDLS of this StrG, which for MHKS meters is for KD of 0.001323 and ε of 0.75 (see Figure 8 and Table 3 ). The MWDLS differs substantially with the MWV, though it is worth keeping in mind that any measurement by viscosimetry is apparent or doubtful. These types of differences in the determination of MW can be seen and justified in reference [32] .
The structure of monosaccharides and the way in which they are linked together [10] may vary, and since there are no reference physicochemical parameters or similar structural values, it is impossible to compare them with bibliographic data. What is very clear is that to a molecule which is a semirigid biopolyelectrolyte; clarifying this is only valid for the treatment carried out in the extraction and purification performed in this work. The Mark-Houwink value of "a" confirms that The structure of monosaccharides and the way in which they are linked together [10] may vary, and since there are no reference physicochemical parameters or similar structural values, it is impossible to compare them with bibliographic data. What is very clear is that to a molecule which is a semirigid biopolyelectrolyte; clarifying this is only valid for the treatment carried out in the extraction and purification performed in this work. The Mark-Houwink value of "a" confirms that for these conditions. These empirical functions can be used to optimize the calculation of these hydrodynamic parameters in a suitable and acceptable way.
Conclusions
Regarding the procedure conducted for the extraction and purification of mucilage to obtain strelitzia gum, it is confirmed that, in aqueous solution, it is a biopolyelectrolyte with an "a" value of 0.85, which corresponds to a semirigid behavior with great effect of volume excluded. This statement is based on the difficulty of gum dissolution that should be performed at 80 • C. Regarding the intrinsic viscosity measurement, Martin's method is the closest to Huggins, which is considered the reference method. Furthermore, it can be concluded that 0.1 M KCl solution is an ideal solvent for StrG, confirmed by the Huggins constant, which acquires a positive value and, therefore, a macromolecule with very particular characteristics, and is very much related to its biopolyelectrolyte characteristic.
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